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FACTORS FOR CONVERTING ENGLISH UNITS TO INTERNATIONAL SYSTEM UNITS (SI)

use of those readers who may prefer to use metric units rather than 
English units, the conversion factors for the terms used in this report are 
listed below:

Multiply English units

Length

feet (ft) 
inches (in) 
miles (mi)

Area

acres 
square miles (mi2)

Volume

acre-feet (acre-ft) 
acre-feet (acre-ft) 
cubic feet (ft3) 
gallons (gal) 
Mgal (million gallons)

Specific combinations

cubic feet per second 
(ft3/s) 

gallons per minute 
(gal/min) 

gallons per minute per 
foot [(gal/min) /ft] 

million gallons per day 
(Mgal/d)

Temperature

degrees Fahrenheit (°F)

By

0.3048 
25.4 
1.609

.4047 
2.590

1233 
.001233 
.02832 

3.785 
3785

.02832 

.06309 

.2070 

3785

5/9 after 
subtracting 
32 fromF0 
value

To obtain metric units

meters (m) 
millimeters (mm) 
kilometers (km)

hectares (ha) 
square kilometers

o 
cubic meters (m )
cubic hectometers 
cubic meters (m3) 
liters (L) 
cubic meters (m3)

cubic meters per 

liters per second 

liters per second

cubic meters per

(km2)

(hm3)

second (m3/s) 

(L/s)

per meter

day (m3 /d)

degrees Celsius (°C)

iv



GROUND-WATER DATA FOR THE DREWSEY RESOURCE AREA, BARNEY AND MALHEUR
COUNTIES, OREGON

By J. B. Gonthier, C. A. Collins, and D. B. Andarson

INTRODUCTION

Appraisals of the resources of selected management areas in eastern 
Oregon are being made by the U.S. Bureau of Land Management. To provide 
needed hydro logic information the Bureau of Land Management requested the U.S. 
Geological Survey Water Resources Division to inventory .ground-water data for 
the Drewsey Resource Area. The inventory included field location of selected 
wells and springs, measurement of ground-water levels, ground-water temper 
atures, specific electrical conductance, pH, and collection of ground-water 
samples at selected localities to determine dissolved chemical constituents.

Included in this data report are well data, drillers 1 lithologic logs, 
hydrographs, a summary of observation-well data, and chemical analyses of 
ground water.

Previous Investigations

Farts of the Drewsey Resource Area are included in previous studies of 
the geology and ground-water resources of the Barney Basin (Waring, 1909; 
Fiper and others, 1939; and Leonard, 1970). Leonard's report describes the 
occurrence, distribution, availability, and chemical quality of ground water 
in the Barney Valley. The area covered by that report is outlined on plate 1, 
and. within that area, no new data have been collected for this report. The 
Barney Valley report (Leonard, 1970) could serve as a basis for interpretation 
and evaluation of data presented in this report. A report by Bubbard (1975) 
describes the surface-water resources of the.Barney Valley and includes a 
detailed water budget for Malheur Lake. Geologic information for the resource 
area is shown on the "Geologic Map of the Burns Quadrangle, Oregon" (Greene 
and others, 1972).

Bydrographs of representative wells in Oregon appear in annual reports 
prepared by the Oregon Water Resources Department (formerly the State 
Engineer's Office) (Sceva, 1964; Sceva and DeBow, 1965, 1966; Bartholomew and 
DeBow, 1967, 1970; Bartholomew and others, 1973).

Location and Description of the Area

The Drewsey Resource Area is located in eastern Oregon. Most of the area 
is in northeastern Barney County, but a small part of Malheur County is also 
included (fig. 1). The boundary of the Drewsey Resource Area has been estab 
lished by the Bureau of Land Management, and it does not conform either with
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Figure 1.  Map showing location and general features of the Orewsey Resource Area. Oregon.



natural, physical, or established political boundaries; it is, however, a 
land unit within the Bureau of Land Management, Burns District. Land within 
the Drewsey Resource Area is in both private and public ownership, and a 
large part is held in public trust by the Bureau of Land Management. The 
total area included in the Drewsey Resource Area exceeds 2,500 mi^.

The cities of Burns and Hines, Oreg., with an estimated combined popu 
lation of 5,170 persons in 1976 (Oregon Secretary of State, 1977) are near 
the northwest edge of the resource area. The population density of the 
resource area is greatest in the Haraey Valley near Burns and Hines; elsewhere 
it is extremely small. Small settlements include Drewsey, and Buchanan in the 
north, and Lawen, Crane, Princeton, Voltage, and Diamond in the central and 
south.

Good highways cross part of the study area, but much of it is accessible 
only during the summer and fall months by using four-wheel-drive vehicles.

The Drewsey Resource Area includes most of the Harney Valley, a flat, 
featureless plain, and uplands that border the valley on the north, east, and 
south. The Steens Mountains, in the southeastern part of the area, attain an 
altitude of more than 9,000 ft and are the highest of the uplands. The Harney 
Valley is a closed basin, and streams draining the bordering hills discharge 
into Malheur Lake located near the south center of the valley. The principal 
streams entering the Hamey Valley are the Si Ivies River, which drains the 
upland north of the Drewsey Resource Area and the Dormer und Blitz en River 
which drains the western ramplike slope of the Steens Mountains and flows 
northward into Malheur Lake. The Malheur River and its tributaries drain the 
uplands in the northern and eastern parts of the Drewsey Resource Area and 
ultimately discharge into the Snake River to the east.

General Geology

The uplands bordering the Harney Valley consist of volcanic and pyro- 
clastic rocks and sediments derived from volcanic rocks. The uplands are cut 
by numerous faults, and the rock strata slope gently toward the Harney Valley, 
which is both an erosional and a structural basin. Unconsolidated valley-fill 
deposits underlie the Harney Valley floor to a maximum depth of about 250 ft 
(Leonard, 1970). The valley-fill deposits consist chiefly of clay, but 
contain lenticular deposits of sand and gravel in alluvial fans built by the 
principal streams. Beneath the valley-fill deposits are a. large but unknown 
thickness of consolidated rocks similar in composition to those exposed in 
the bordering uplands.

Occurrence of Ground Water

Large quantities of ground water are withdrawn by numerous wells from 
sand and gravel and from consolidated rock aquifers in the Harney Valley east 
of Burns. Wells in that area produce as much as several hundred gallons of 
water per minute, and the water is used chiefly for irrigation. The distri 
bution of the consolidated rock aquifers beneath the valley-fill deposits is 
generally poorly known. Ground water in the Hamey Valley is generally con 
fined beneath beds of clay or other rocks of low hydraulic conductivity such



as welded tuff or dense crystalline basalt. Locally, ground water in shallow 
sand and gravel aquifers is unconfined.

Ground-water recharge in the uplands is chiefly by direct infiltration 
of precipitation, and locally along streams by infiltration of streamflow 
during periods of high runoff. Each spring, snowmelt runoff from upland 
streams floods large areas of the Harney Valley floor and recharges the 
valley-fill deposits. Upward movement of ground water from the .underlying 
consolidated rocks also provides small quantities of recharge to the valley- 
fill deposits.

The general direction of movement of ground water in the Drewsey Resource 
Area is from upland recharge areas toward valley areas where the ground water 
is discharged by seepage to springs, by diffuse seepage to streams, by evapo- 
transpiration, or by wells. In the Harney Valley, ground water in the valley- 
fill deposits is moving toward Malheur Lake. Most of this ground water is 
discharged in the valley by direct evapotranspiration of shallow ground water 
before it reaches Malheur Lake. Evapotranspiration of shallow ground water 
probably is the cause of large areas of alkali soil in the valley.

Locally in the Harney Valley, wells and springs yield warm geothennally 
heated ground water; some of these occurrences are described by Leonard 
(1970). Two warm springs outside the Harney Valley were visited during this 
study, and the data are listed in the accompanying tables.

EXPLANATION OF DATA 

Well- and Spring-Numbering System

Wells and springs are assigned a number based on their location accord 
ing to the rectangular system for subdivision of public lands. In successive 
order, the numerals represent the township, range, and section. Thus, well 
25S/36E-16ccc is in township 25 south, range 36 east, section 16. The letters 
following the section imrnber show the location within the section, the first 
letter designating the quarter section (160 acres), the second letter the 
quarter-quarter section (40 acres), and the third letter the quarter-quarter- 
quarter section (10 acres). Where two or more wells are in the same 10-acre 
subdivision, serial numbers are added after the.third letter, as shown in 
figure 2. For a spring, a lower case (s) in parentheses is appended to the 
number as described.

Records of Wells and Springs

Records for 88 wells and springs in the Drewsey Resource Area outside 
that area studied by Leonard (1970) are listed in table 1. Well records for 
the Harney Valley are included in Leonard's (1970) report. Most of the wells 
for which drillers 1 reports were available have been field located; their 
locations are shown on plate 1. Most of these well locations are also plotted 
°n. Geological Survey 1:24,000-scale quadrangle maps, and these field maps are 
on file in the Geological Survey Oregon District Office. Table 1 also in 
cludes some data on selected springs; wherever possible the discharge of the



R. 34 E. R. 36 £. R. 38 £. R. 40 E.

T. 23 S.

T.2SS.

T. 27 S.i

25S/36E-16 ccc

Figure 2. - Wcll-aumbcring system



spring was measured at the time of the visit. Little or no data were avail 
able, however, for estimating the annual range of discharge of each spring.

Drillers 1 Logs of Wells

Drillers' logs of wells are obtained from reports subnitted by drillers 
to the Oregon Water Resources Department since 1956 and from records supplied 
by the Bureau of Land Management. Drillers 1 terminology for the materials 
penetrated vary from driller to driller. Therefore, the logs in table 2 have 
been, edited for consistency, but they otherwise remain unchanged,

Hydrogra-pha of Observation Wells

Hydro graph a in figure 3 show fluctuations of ground-water levels in four 
representative observation wells in the Drews ey Resource Area. The period of 
record for two of the wells extends from 1928 and 1930 to the present, and 
the ather two are for shorter periods. Ground -water levels generally rise 
each year when the ground -water reservoir is recharged and ground -water stor 
age is increased. Water levels decline during periods of no recharge as 
ground -water storage decreases. If over a period of time, ground -water dis 
charge exceeds the rate of recharge, water levels gradually decline and the 
hydrographs show a declining trend. Conversely, a rising trend occurs when 
ground-water recharge exceeds ground-water discharge. In most of the Drewsey 
Resource Area no rises nor declining trends are apparent and ground-water 
levels are more or less stable. This suggests that ground-water recharge and 
discharge in the area generally are in balance. Ground -water pump age in some 
of the area near Burns, however, is gradually increasing and some observation 
wells show declining trends.

Table 4 is a summary of the observation-well data for 35 wells in the 
Drewsey Resource Area and bordering area. The locations of the observation 
wells are shown on plate 1, and well records are in table 1 in this report 
or in the report by Leonard (1970) . Hydro graphs of water levels for each ob 
servation well are available from the Oregon Water Resources Department or 
from the Oregon District of the Geological Survey.

Quality of Ground Water

Chemical analyses were made by the Geological Survey of 16 ground-water 
samples from the Drewsey Resource Area. The source and significance of the 
chemical constituents and physical properties are summarized in table 4, and 
the analyses are listed in table 5.

Chemical diagrams for each analysis are shown on plate 1. The scale of 
the diagrams is similar to those presented in Leonard's report (1970); there 
fore, a visual comparison of the areal variation of the chemical quality of 
the ground water is possible.

Data from table 4 are plotted on a salinity diagram (fig. 4) which shows 
the classification of the ground water for irrigation use.
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SPECIFIC CONOUCTANCE, IN MICROMHOS PER CM AT
25 DEGREES CELSIUS 
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Figure 4. - Classification of irrigation waters. Numbers of plotted circles 
correspond to sample numbers in table 5. Sample number 7 plots off 
the upper and of the diagram.
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GLOSSARY OF SELECTED TERMS

Aquifer."- A formation, group of formations, or part of a formation that con 
tains sufficient saturated permeable material to yield significant quan 
tities of water to veils or springs.

Confined ground water.-- Ground water that is under pressure significantly 
greater than atmospheric. In a well that taps a confined ground-water 
body, the static water level is above the top of the aquifer.

Drawdown.  The lowering of ground -water level caused by pumping. It is the 
difference, generally, in feet or meters, between the static water level 
and the pumping water level in a well.

Evaootranspiration.  Water withdrawn from a land area by evaporation from 
water surfaces and moist soil and by plant transpiration.

Hydraulic conductivity.  The volume of water that will move in unit time 
' under a unit hydraulic gradient through a unit area measured at right 

angles to the direction of flow.

Hydraulic gradient.  The change in static head per unit of distance in a 
given direction. The direction generally is understood to be that of 
the mayf.TmTm rate of decrease in head.

Intermittent (or seasonal') stream.  A stream that flows only at certain times 
of the year when it receives water from springs or from some surface 
source such as melting snow in mountainous areas.

'Perched ground water..  Unconf ined ground water separated from an underlying 
body of ground water by an unsaturated zone*

stream.  A stream that flows continuously.

Po tent iome trie surface.  A surface that represents the static head. In an 
aquifer it is defined by the levels at which water stands in tightly 
cased wells.

Runoff . That part of the precipitation that appears in surface streams.

Specific capacity.  The rate of discharge of water in a well divided by the 
drawdown of water level within the well. It is an approximate index of 
the capability of an aquifer to transmit water.

Static head.  The height above a datum (mean sea level) of the surface of a 
column of water in a well. The terms "head" and "static water level" 
are used interchangeably in this report. The static water level in a 
well represents the average head of the water-bearing materials open to 
the well bore.

10



Unconfined ground water."-Ground water in an aquifer that has a water table.

ffater table.  The potentiometric surface in an unconfined water body at which 
the pressure is atmospheric.

11
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Taftla lot* of

TtMarUiU aaaa Oaaca,

12IU&&1SSS&- r- -f- «- "- Alelead* 3.900 fe
ajilawBy OrllUat. 1969. Culaff: S-ta dU 
u&parfaracad

( T  « V  --

CUy. bUek, iwsiy          ......... .-..   

m - -i_ Wl-   - -    - -

lock, «r*y               -                 
Ci*y, blua-         -                   -

Clay, blua           -         -   »     

19S/?«-10dM. SUl aab«rcsaa. Aieicwia 3.693 
HoUawBy Orllllac. 1966. Culaf: 12- la dimt
uaaaefaracaa

lock, buck         -                   -

iSJ.'SK-Hate- 31U labBrtJoa. Aleieuda 3.663
tallowy OrtlUac. 1966. Caalaf : U-ln diaai 

SoU. black-   ........ .. ...   ........   ......   .
CUy, gt«y  "                               -     

CUy. bUck                 .         -     
("T    BH^H

CUy, blu*                         

2Qy/13lrr.;«rfb. Oiu-aii XilUr. Aleleuda 3.303 
Sklaoav » Soaa Ortlllaf, 1970. C4«laf: 6-la 
nnnarfnrirad

CUy, bltttt. «ad SOB* (rsral, w«c«»-6««rls«  ~

205/34e«*bd«. E4 Talela. Aleieod* 3.7^0 fe.
3rai. anlliac. 1974. Cula*: 6-la <il«a ea

!I^*r* ^^f _

§5: !£: SSr--r:::^:i-n-r:r.n::L-:

. Octllcrf by 
  ea 207 fe;

2 2
30 32 
13 47 
20 67 

114 181 
22 203 
74 277 
10 287 
36 323 
33 338 
I 339 
9 368

fe. Orlllad by 
ea 30 fe;

2 2
6 8

10 18 
34 102
10 112 

111 223

3 228

fe. Orlllad by 
ea 30 fe;

7 7 
13 20 
6 26

174 200 
114 314 

1 313

43 470 
30 300

2 502 
3 303

fe. Drilled by 
dlxm ea 20 fe;

7 12 
138 130

Drilled by ?«f* 
31 fe;

6 6
12 18

36 70
20 90
13 103
17 122

13 146
29 173

193 383 
10 393

thl 

<t\

20S/34g^eM. Sanaa CUxk. UeinU* 3,703 fe. 
?««  area. 9rillla«. 1973. Cuia*: 6-la 4UB c

ZM/34e-l2.fb«. S. a. Slcm. Aleleaia 3.373 fe. t 
Savay Onlliac. 1937. C*ala«i 6-la dUB ea 13

YM«I J^MM .^J        1 T

205/33g-26«bb. CwealU OrlakMear. Aleieuda 3,: 
Orlllad by Sklaaar & Saaa OrtUls*. 1963. CM!I 
ea 22 ft; uBD«c£acaea4

 

  «fe«b bl . AYfe.. « «   _ 

CUy. bio*, wlea gr*v*l. w»e«r-b««rtn«-    -  
CUy, bUa     .     .                .   . 
CUy, anwa. vtea graval. MC«r-b«*ri8*-   -   

20S/33g-2S«b<. fra4 S*k«r. Aleicud* 3.313 fe. I 
?M* 3roa. Srtlliaf . 1973. Caalaf: 6-la dlaa t 
uaa«rfarac*d

20S/33g-34ddd. CaBUy X«r«h*ll. Aleleurf* 3.860 i 
by aallowy OrllUa*. 1968. C*«ln«: 6-la dlam

*rt.« , _ _  - -  . .«..      
/*1 Aw ^r* rtl M mmmim^l ------ - - - .  MMM«M«

i*k- 

>«e) fft«e>

Orlll«d by 
* 18 fe;

16 16 
21 37 
10 47

*lll«d by 
fe;

13 13 
23 40 
80 120

OS fe.
if: 6-la dUB

2 2

2 13 
3 18

U 30 
12 42 
32 94 
4 98

16 114
2 116

*ill«d by 
a 23 fe;

12   12 
11 23 
17 40 

3 43 
37 30 
10 90

e. DrllU* 
ea 43 fe:

4 4 
6 10 

13 23 
30 33
45 100 

3 108

19
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I
r-te*- 
MM 8«»«k 

'f««t) C?««e)

-_5/34g-t«daa.. r. t. Joaaa. Aieieada 4,120 _«. oriiiad by Jaak 
iteCUir« OrllUa«. 1937. Ouia«: 14-ta dian ea «« ft; par- 
fancad. 23-33 ft aad 53-43 ft

Sail                              l« 16
day . y-uia*--  ---- -   .........            . u 31

i~t .M B_B? t    - » »____ ^1 JL_
gra»«4' .-                i . ..... . . .        . 2 66
4Mfl»bi T BBB* - . ____.& ^^ ^H

Clay, yailew-- -... .-.. .. ...i MI... ....... i.. 34 122
Sac-l                              8 130

-7-/n--t«.tb. Ftad arista. Aleituda 4.107 <C. Drillad try
Saaaaar* & SOT Irrifatia*, 1939. Caai_uj: 12-la diam ea
Ift ft; uaaarforatad

toil                              3 3
TtartMa?                          7 12
Saaalc. s-a> ..I.       »     ................. 39 71 
Clada*-, rad-"-   -     .. ....... .'..-.-.-.  ---. 28 99

Ciadara. black            -             - 7 HO

27_mg-l2edc. U.S. Buraau af Uad Mna««M0c. Altitada 4.213
it. Orillad by Skim** & Saea OrllUa*. 1963. Cula«t 
6-la, diam ce 132 ft; par*araead 1 U-l-1 ft

Bouldar*. leaaa----   - -          -        "      33 31
lack. alack, hmni, utf r*d reek "---       4« 99
1lM«k B^MM *--  -  - - - t A 1YY

laeij, bUck. h*ni" ....-..  ..................... 13 130

U<m, g«i, «uar"h«irtiit" ..............   -.   . 1% 131%

.75/32£-l4»c«. C.S. te**u ai Uad HMMMMOC. Utlcud« 4.313
fe. DrUlad try Sklaau & Sou Ottilia*. 1963. CuiBf: 
t-is 4i« ea 376 <t; Mtfanta.1 346-376 fft

S«U. tewn*                           I I 
lock, bU-tk               -'                  7 8

Cta-Ur*. IMM-                       9 19
V*Ml llBBB. Y<tBl.Bk« - ^^^«BBBlBBMBBBkB« S ?4

tetlcUr*. IOOM-       ~             ~   29 103

  B.BTMT f I m.mff BBiBiMi *  * t ̂ <

*.1Btf4..r... l^lf f-.BBIB^   ' BMB1.B1B1BBB '  rt ^ftA

C1«T «ieh «» «!. brow   -               > 173 473 
CUf. bin**-       ~           -          23 500

Clay, aliM, with crvral. w*e«r-b«.urtat  ~    26 ' 576

278/32*-l&ctd. U.S. SUCWM o£ Laod «Atu««Mst. Xltinad* 4,340 
ft. DrtlUd by Skiaaw k Sou. 1974. Cuia«: *-la dtm ea 
413 ft; ua*«»ianta<i

B>_.J f Lf _   ̂  _ _ _ _ __    .  - .- - - - _ -   | rt t rt

Sack. bUek, h»rt-           -  --          10 20

lock, jr«y, tuud, with erwritaa                33 S3
J^f tMjijatMW W1 «« !   «.4       -^  - ___ - ___ - mm MM       .-...^ _ -  m t T ^7

Xack» bLaek. hart         .             - 33 133 
lack., bUok, hard, vie!. CM »er«*kj            43 ISO 
Sack, black, r«d, «ad brown, wttix eiadao    ' 20 200 
Sack. gr*y. so«t             -            15 213

Sack, black tad brawn, toft    «           20 220 
Sack, black aad tad, hard                70 320

Clay, blua, tod el*T.ean«, taady  -      10 «-30
CUy. jr««»ith^lu*-                         70 320

Clay, (T««a aad blue, wtett iraval; *ooa w«c«r- 46 i-4

tlitcx- 
Macariaia aaaa 3*«ca 

'  «t> f'«««)

27S/32*-13acd. C.S. Sanaii a< Laad ^aaa^vaMe. Aleitada 4.47S 
... Orillad by Sktaaar 4 Sana, 1963. Caaia«: 6-ia diaai 
ea 572 ft: parfarmcM 332-372 is.

9AiBlB Wl .j*U I«.BIB| limit    -- ___^____. _______ ^BI *«

BMBIMI Wl .rfiU I«.B^ th.BBbr.nB ««* «_ 1Y ft^

Sack, black, bard, aalid     .  .  ... ...... 22 103
Sack, brakaa     -      -              10 1X3
Sack, lava, tad, (ray, aad black, turd    97 212

lock. Urn, r*d Mad bUck-                  - 37 297

I*T aw Wail t <-.    . ...  . ... i-... * ~ *mmm^*~m^ ?T ^AJL

/-* ,-.-, . _  ...._ .., liai^B-ai __ m mmm^^ -~ -m mm~ /.A A ^ A

.PI aia* avattf*    - mmmmm*»~^^»m m~ 11 L..H

I~T at« a««via..a^ »M.4 -».  1 t rMain MI -    - . .-«  MM .^.(..M.. t fl LAf

Cl*T, bliM                          »-     4S 5.U
1BB B«Bllt«BBlM- .M -..------- -- ^> ^£rt

Clay, yallew, wica eaaraa (ravel, wacar-
S.^BT^nBl _________ .._________.____._____.__ 1? ^T?

273/33g«2Qdba. U.S. Buraau o« Und Maaa«a-Ma.:. Aleituda 4.203 
ft. Drillad by 3ortta»*.t Ortllin«. 1976. Caala«: 3- La 
diaat ea 200 ft; par-armtad 120-200 ft

Clayataoa. tray, hard    -  «        3 20
«*  !  -  r r-a-i   i-.---------. -_ __ ̂  __ __     ___ - ̂  ^    __.J.    - - -  -~ - 4/\ Art UJ-Vj WOB-Bt QljUVU*"      . .   -  ^ -  . . . ^^  ^ a.-ai-ai-ai-.i-ai ij-.f 9U

S-DClLf; 4a%V%f; JjTaHy*        *"-*"""*"****1 *1 -a.-i.«a___ia_iai._*(.pa_i.»a. LiO 20w

27S/33_-23aca. U.S. Bnzaau of Uad y_-_a««__mc. Aleitoda 4,323 
ft. Drillad by Skianar & Saaa. 1962. C-tituj: 6-la -ia» 
ea 232 ft. 4-la diam ca 520 ft; Mrfaratad 490-513 ft

Cladara, rad~                     .---   2 4J 
Lava, fray, hard, crartcad   ... ........... .-    13 60
Uva. rad. brokaa    -  -    -            90 130
T  !__ . a>_.-__-aa> *-    * - -   i n           __ ___     __ __   - 1 rt tJ-A fe_aVv«Ba> ffWy y K-UBV.EV a«a»a_a_i     .pai-iiBi     ai    _ . .    .     - -  .p^ - «  *  ^y kQV

T -ra-m-a M-k-l  -     .- -   .. _ . _ . _,_«,__,__,__,___..____» T  ! t T^

LAW, r«!, bcok«..^»« "»""-* -  »-.-.i^a-^^-«^.,*Ma>-..-a u *a3

L-wa. black, hard- -                  10 300
9*-_».t M«.« II..B! ------ - +f\ Y^fl

^f __I_ MBI    -a - - - - - - - ___ 4 m

Clay, yalla- ---                         143 502 
SaadatatM, whita, w*car-^)«ari._f--------------- 13 513

oaca>, aara                 " ~    - -  - ^ 9«uf

273/14e-<bed. Alfnd Olt.__a. Alticuda 4,141 ft. Orillad by 
Skiaaar & Soaa. 1967. Caaia<: 6-la. diaoi ea 20 ft; 
uaaarfaraead

Sack, lava, black, hard   '    »     .      27 30
Clay, .To-n-                           130 ISO
3WU18JCO1181* OcOmMMM    " »»»mmmmmmm»»mm^m»tm^m»mmm jy a»*U

SAsdacoiXai, biavck* vieh viiic« puaieti;
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MMartala aaaa SaaCB 
'f*«e) <'?i«e)

Z21UgS=2CaaV «-*- »«    « t   M   r   e- Aineud. 4.192 to.
3ttllaa. by tlca, Kaaalock Ottilia*. 193*. 0«aaaaad ea 3Z3 ft 
la 1943; Uear cavaa. iadttUad ea 263 fe la 1948 by .Tote 
V. laaaaact. C*aia«: 6- In dUai ea 230 ft; parzaracad
210-220 fe

Sail, -aaaaa."--' ......   ......... i .m . ...... 1% 1%

CUy, brew, haawy           ..-.    .    24 «

Salt, brow, »«ady                -«.   27 118

CUy.,blua, madlu*. travally.    ............. 14 230

day, Tallow      ..... ......-....... . -. 42 283
Clay, yaUaav wtefc «aaa>.-  "        -       33 320

2«S/_2g-24c*4. TTaiaiiiiiJ tad MoClaaa. Aleleuda 4.170 ft. Drtllad££^£"" ""  *""" ' """"

29S/32Iy27M». Batnay Caoacy. Aleleuda 4,270 ft. Ottllad by 
Uaa Kanhlark Dttlliaa;, 1937. Ca*la«: 6-la dlaa ea lakaam

CBlawm                            ISO 180

 Shaia, blBa                  ~    ~            33 430

29S/72r-32ci>a. Marrta Morsar. Aleleuda 4,180 fe. Drill** by 
iaaaaart 6 Saa tmjacloti, 1939. Cuing: 6-la dlaa ea 38

Satl                              20 20

Clsfllava,. raa, aav j^awa)V     ..  «  mm^ ..      ... ^0 6u

;9?/32S-33eae. U.S. Suraatt af Uad MaaafaBaae. Aleleud* 4,333 
is. Orillad by Jiajora Orlllia« S«laa * Sanrlea. 1942. 
Caalati 6- In dlaa ea 20 fe; iata*riarae*d

.n.T ._-. i.. i....   ...T n..««.. 3 3

aauldara                  "         ~     30 33

Saaosceaa brown                       103 140

Saadaeaoa browa, vacar-b *arlat~...... »    ~~» 80 323

295/31g-3.ftab. Vale Sailay. Aleleuda 4,172 fs. Orlllad by Jack 
XeClura Ortllla«, 1944. Caaia«: 6-la dtam ea M fe; par- 
faraead 70-«0 £t

.iaeavtaia naaa Oaaca 
'*««c) 'f««e)

293/33g-32aad. .Bra. laaaail Araaald. Aleleuda 4.214 fe.
3ctli*rt by Saaaaarf * Saa trrlaaeiaa. 1943. Caaioc: *-la 
diaa ea 4} fe; uaaarfaracaa

Satl  ..................... ........~~~.    ~... 4 4

Saaa aad gxaval. braim~~.       ............ 24 43
Hack, cladan, rail   «-r-»-.^-        i           - 13 38

Craval, flaa  .    .-  .       . ..   .- ..  I 47

293/33g-33ed>. Rax Claaaaa. Alelcud* 4,240 fe. Orlllad by 
' oaraar Orlllln« 4 ?UBV Sarrlca, 1971. Caala«: 8- la dlam 
ea 33 ft; uaaartaraecd

Caatlaaazaea,  adiia*-«iz*d  ~  -        28 28

CUyseaaa, s»«y          "           «         9 114
CUyicoaa. bram.--*       » ..... .  . .»- ».. - 3 lil

30S/32S-«ead. U.S. Buxaau of Laad Xaaa«aaaae. AlelCaa* 4,443 
fe. Orlllad by Dick Aklaa Wall DrilUa«, 1947. Caalat: 
6-la dlaa ea 427 ft; oarfaraead 327-347 fe aaa 407-424 ft

Sail, uaitr                   -       t t

lack, lava, gray, madlua -                2^ 163 
Saaa. wiea aiwll avouac of brown cUy btadar  244 427

303/321-1 Ibaa. C.S. Buxaau af Und Xaaataaaae. Aleleuda
4,jl4 fe. Ozillaa by V. S. Xajars Ottllla«. 194Z. 
Caalac: 4-la dlav ea 211 fe; uaBarfaraead

Ctfldua ««   ' '  » -- -«  «««« « «««««««-« «« 15 134
Beuldara               «                       ** 178

CUy, brawn                         23 230

Clayacaaa, browa; waetr ae 376 fe      - -  14J 383

30S/33g-Uba. Xax Clawtaa. Aleleuda 4,280 fe. Drilled by 
Woaraar Drtllla« & Puaa Sacvlca. 1971. Caalaf: 9-La dlaa 
ea 30 ft, 6-la dlaa. ea 129 fe; viaaarfaraecd

CUyacana, brown                    7 97

CUy aad «on«loa»r*e*, r*d      -          3 129

30S/33g-4«bc. K*x Claaaaji. Aleieada 4,263 ft. Drillad by 
Woamar Ottilia* & foef Sarrlca, 1969. Caala«: 8-la diaa 
ea 123 fe, 4-la dUa eo 290 fs; oaxfarmead 260-280 fe

Congloavaraca              "           13 20 
CUy, brown, aad eaa«lamaraea              '.60 190

Clay, brown, aad eomlaamraea                12 232

24



TabU 3. Suaaarr of ob««rv*cion--*«Ll data

Kelt mater
D«pca 
(f««e) Xquifar

Ptriod ox 
record

3«gia| Sad

0«pca eo vacar, la £MC b«lov 
land surfme*

Hignasc | Oaca | Lov«sc ) Daca

Wacar- 
lav«l 
crandl/

Annual rac« 
of chaaga

(fMC)

22S/30E-27ddc 

22S/31£-284db

34eeb

36bab

Z2S/32%E-30edb

22S/33E-27ade

23S/30E-36bbc

23S/31£~3bb*

Jaac

Ildccl

Udec2

tt«*

I6bcc

16dbb

33ebe

23S/32E-3aad

7eab

23*5*

29adb

30444

23S/32%E-lbbb

233/3:SE-3tol

23S/34E-3Udd

24S/30E-7cd4

2644*

24S/31S-2SOCC

24S/32%E-3Wde

24S/34E-31bae

31cbd

31deb

23S/31E-4cb»

29eeb

127 

490

288

335

647

833

198

14

400

120

561

17

14

300

13

220

93

140

240

19

300

85

207

347

501

17

130

95

110

301

170

209

TVS 1966   

Qal, TVS 1966  

do

do

do

TVS

do

Q*l

TVS

Q«l

TVS

Q«l

do

TVS

Qal

 

0«l

do

do

do

do

do

TVS

do

do

0*1

 

Tb

Qal

 

Q«i

do

1930

1963

1966

1966

1969

1936

1962

1959

1959

1936

1936

1930

1936

1965

1928

1966

1967

1936

1965

1966

1971

1962

1962

1936

1963

1959

1963

1962

1962

1963

 

1976

1976

 

 

1970

-

 

 

1970

1971

 

1970

 

..

1971

-

1970

1970

 

 

1972

1970

 

-

 

1967

1970

1970

42.80 

13.30

1.50

4.87

4.00

12.02

2/1.36

1.69

10.92

3.70

6.90

1.50

.30

3.95

.28

6.04

2.07

15.26

15.12

5.43

2.58

5.53

16.30

16.23

25.77

2.76

21.79

23.90

19.71

30.12

34.70

70.54

9-24-76 

11-18-76

4-21-36

5-21-64

5-18-67

do

3- 3-77

2-25-63

4-18-62

5-18-75

5- 3-71

4-16-52

do

5-20-65

5-22-65

3-25-71

5-19-65

5-21-70

5-27-71

5-21-70

2-25-76

5-18-67

5-22-75

5-19-67

4-19-62

4-16-52

5-27-76

5-20-65

do

8-23-62

3- 3-70

6-10-70

59.64 

31.46

19.82

17.54

15.25

52.15

5.89

10.41

24.61

11.5

29.1

13.20

9.10

16.75

3.57

24.08

38.37

42.74

34.30

Dry

15.33

10.34

22.74

21.22

50.68

13.06

27.44

34.95

27.80

36.06

37.67

71.57

3-27-73 

6-21-73

6- 6-74

3-22-68

3-29-73

3-22-68

8-21-75

12-12-44

11-30-67

I- 6-74

7- 8-73

1-15-36

do

8-23-72

12-11-68

3-21-75

7-30-31

5-23-63

3-22-68

1-15-58

3-29-74

12-12-68

3-21-75

9- 2-76

10-11-68

9- 8-36

3-21-63

3-29-74

11-17-76

11-30-67

9-11-68

10-13-63

Falling 

StabU

Falling

do

StabU

Falling

ScabU

do

Falling

Seabla

do

do

do

do

do

tJacareaia

Seabla

 

Falling

Seabla

Seabla

 

Stab la

Falling

StabU

do

Rising

Falling

do

 

 

..

-0.3

-.5

-.5

 

 1.2

 

 

-.3

~

 

 

~

 

 

 

 

 

-.3

 

 

 

~

-.2

 

 

+.4

-.3

-.3

 

-

..

S«« foocaocts «e and of eabl*.
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Tab la 3. StBBarr of ob««T7«cion-v«II daea Coneiauad

7«11 ouoba*
Daoca
(faaO Aouifar

?«riod of

Bafta] End

Capcb ea wacar, la faac balov 
laad surface

Higaase Data (Lovaac j Data

W»car- 
laval 
craadi/

Annual raea 
of ehanga 

(faac)

25S/3&E-304CC

26S/3U-26bba

26S/33E-

34ddd

 IJdaa

19ccc

IWde

28cdb

33baa

34*ce

34cea

28S/34E-6acd

27S/31Z-

6dab

I9eab

19dba

 l*cb

27S/33E-2bbb

27S/36E-33acb

29S/37E-l7cea

I/ 
I* aada.

y

Kafirs

41

230

147

108

117

97

65

300

96

81

260

297

54

130

iia
176

312

190

Co Lacaae

Vail raporcadly

Tb

Q*l

Tb

do

do

do

do

do

do

do

Qal

do

do

Qal

Tb

do

do

 

10 yaars

flowad ae

1962  

1965 1967

1964  

1962  

1959 1976

1962 1976

1962 1970

1958  

1956  

1962  

1962  

1960 1967

1974  

1962  

1962 1968

1936  

1963  

1965  

31.60

12.74

4.

31.

37.

50

55

36

14.42

10.

27.

20.

19.

28.

70

82

65

66

39

31.26

15.

25.

11.

19.

25.

92.

89

85

98

08

22

44

3- 9-«6

2-15-66

12-15-76

9-20-72

2-16-73

3- 1-76

12- 2-65

3-18-77

3-12-77

12- 2-65

do

3- 9-66

3- 2-77

3- 9-66

8-26-65

3-18-77

3-25-72

3-19-63

33.

13.

7.

33.

29

28

42

50

40.30

16.

12.

29.

28

51

60

22.50

23.

30.

31.

17.

27.

14.

25.

31.

106.

60

57

82

03

00

09

97

40

18

of racord; vhara parted of racord is

land surf aea vhan drillad (Laooard,

6- 3-74

3- 4-65

11-20-68

8-19-70

6-18-69

8-23-62

do

do

6-18-69

12-15-76

8-21-68

5-22-64

9- 1-76

8-28-74

4-19-62

8-23-62

3- 9-69

2-23-73

laaa ehaa

Seabla

 

Seabla

do  

do

do

do

do  

do  

do

do

do  

 

SCabla

 

SCabla

do

do  

10 yaars, no canaane

1970. p. 36).
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tahla «

SUaif

suiu SUicaca awaraia la racaa. ilara.

tea* (fal Iraa >«iitaa, aaaaraia. wail caataaa. ta caacaacractaaa f*a««ar taaa O.J aa>L. aay icaia 
Mrcalaia aliaauaa, iUcuraa daciaaai Aca<aa* af SeiaacM. 
1974). Uraar eaacMcractaaa aa* laaacc aaiacctaaaala 
caaca ta wacar.

«» iriat aiaaraU.
Mautaa  ( iLaac ciaava.

ta coacaacracloaa craacar taaa 0.09 *a>l aa* ctaaa krowa 
ca klaca icata la liuaary aaa aanaLaia aluaaiac flscuraa 
(Mactaaai Ua<«r» af Sciaacaa. 197i). fm*rally lua Maa 
aajaatiaaaaia taacvraa It**.

(Ca) laaka. aaila. aaa "fcataaaa* aaaaaita 
rtcfe la caiaiua canaaaca ainarala 
 4 fraa f«rtillxara.

 iaatal* U rocka. A CMMttciMM «f tcaia La wacar ftaaa. katlara. «a4

Saaiwja (aa)

tacaaaiHB IW

UcarMaaca (MO.) aaa

Saifaca <SOk)

OUariaa (CD

flwariaa (T)

Sinaca (SO.)
M  

 ana (11

Anaalc (Aa)

OiaMlwa* MU4* (raalcaa

s^ctm ._...»_

 acaaaaa aa (CaCO})

activity)

Taaaaracwa

SAft ( M4iua- aaaaracioa- 
racial

Saaiwa kaariaa, aiaarala ta rackai 
taauarriaJL waacaa

rataaaivB-Marlaa. aiaarala la racka « 
 raaaac la »Uac ciaaua, Mwaaa. 
laaiiacrlal waacaa. aaa (arcilixara.

Ctr>aa 4iaaiaa la air aa4 aail acaaa- 
Titara. '^tarcfaa" iaaaatta. «r 
caaaactaa auarlai la Maiaaacat 
 laa «acaaaaaiciaa af arsaaia 
 accar la aail.

Sulflda ainataia la racka. cyaawa. 
yraciaicaciaa. farclllnra. aa* 
aavaaa.

Saila aaa racka. avaaartca aiaarala.

Huariaa kaariat aiaarala whick 
occor la craca laaiaica la aaac 
racka.

taccarial acctaa la aail aaa alaaca: 
caa«Mcraca4 la alaac aa4 aaiaal 
waacaa. lawaaa. aa* (arcilKara.

la aaac racka la cvaca aaawaca. 
Cnajiaaac af Mwaaa. aaiaal waacaa. 
fartlllaara. aa4 aaaa cacaraaata.

 araa-kaarlac ataarala. valcaaia

auaalvaa fnai «raaaic-1aarta< 
aiaarala. taaraataac a( aaa* 
HarkicidM aaa laaaccici4M.

!laial* 4taMlv*a caiaiua aaa aaa- 
aaaiua la wacar.

ttraraaaa iaaa la Mluctaa.

9acamaa4 ky local  avineaaac.

Ctlculacaa ttom t!»a fallowia« aauaciaa: 

SAI - "ta^
/ (C«-**>   (S»»l)y   i  

uaara: »a'*. Ca*1 . *» * «ra la

eaekMara. )acaa4 yrtaeiaal caiaia a< wacar iiarcaaaa.

Ucaa eaacaacraciaaa la caablaaclaa wica calarlaa (i«a w«car 
Mlcy caaca. Urea eaacaacraciaaa la imtactoa wacar aay 
naaM Mil Mraaaaillcr.

taaaaclal piaac aacriaac.

ta caaaiaaciaa wich calciua «oa aacaMiua, eawaa carttwiaca 
haraaaaa. CtnanacM af calciua aaa aafMaiua (ara tcaia' 
la acaaa Milan aac bac-wacar faciliciaa aaa ralaaaa 
carroatva carMa 4iaai4a caa.

Sulfacaa af ealeiua aa4 aaaaaaluai Jara hart tcaia. la coa- 
eMcracloaa «raacar taaa aaauc 230 a*7L aay nava uaai«aaaac 
caaca aaa ba eacaanta ca taaa LacivUoaU (Sactaaai Aaaaaav 
a« SclaacM. 1974).

Makaa wacar earrMiva: am ctua 230 aa>L aay laaarc ialty

JfCtaaat eaacaacraciaaa taaa ca (Miica oacay af ehlidrva'* 
tMca; Urtar saacMcracioaa eawaa aaccllaf af «aaaal af 
caach. CoocMcracioa af fluartaa la «rlokla« wacar tlwuid 
aac aaeaaa 2 aa>L (U.S. bvlraaancal Pncacciaa Acaaey. 
1971).

laaaacial flaac avcrtaac. ta aarfaca wacar aacaaalva aittaca 
aa4 »liaaaaacaa la coaalaaciaa eima alcal klaaaa whlck aay 
raaalc la arcaaic aarlehaaac. «f wacar aaa oaalaciaa of 
41aaalwa4 a**caa. Caaawapclaa a( wacar wick aara c&aa 
»kaac 10 aa>t. a( alcraca aa S aay ciaaa aac*«aa«laaaeaaia 
la lafaaca (3.S. Cavtraaaaacal Pracacciaa Aaaacy. 1971). 
ta aaeaaa af avaraaa eaacaacraciaaa aay laaicaca paliuciaa 
k» artaaic waacaa.

baaacial La trace aaawaca ta alaac aacticiaa. ta egneaa*

?nlaac*a caaawaaciaa af wacar caacaiaiac aa*a caaa «aowc 
3.0) at/I at araaalc aa* Laaa ca cttraatc Mtaoataf (U.S. 
Cawiraaaaacal Pracacciaa Aaaac*. 197)).

 laaaaia of ena eaacaacraciaa af cttaal*aa Mllaa la wacar.

Eaalcacar a< tha aaillrr af a Mluca ca caa4wcc aa aiac* 
crical eurraac. Cl«aa ladtcactaa af tha cancaacraclaa af 
diaaal*a4 aalloa la wacar.

PtaaaiCT af wacar ralacad ta caa fataaciaa at aa Ittaalwala 
car4 wica Maa aaa Uw faraaciaa a( Mala la »iaaa. 
Milan, aaa caakia« 'if Mali*.

*Ntacaa toa «ctincr aa*raaaa4 la Maaciva lacarlsnaic wica. 
A aaaawra «f t&a ciaaacticiaa af wacar aalaculaa. A aaucral 
Miactaa aaa a a« af 7.0.

taaartaac Tttyiical eBaraccariacic chac aftacca caaca.
aflleiaacy «f waaca-craacaaac pracaaaaa. vaallac. «uic- 
aatllcy af itaaicac far aa.«acic Ufa. aa4 *<uc*ailicy 
far Irclcaciaa. '

Eauaciaa ;raaicca tha <u«roa ca wktcd irrtcaciaa wacar t«a«a 
ta accar laca eaciaatacaaaaa raacciaaa la Mil. Ulctt SAK 
valwaa laply a !t*iar4 af *««iua) ra»lacla« «4Mr»«4 < Ale lua
 aa aaaaaalwa: chla rafUcaaaac la oaaacia* ta tail

atlllaauivaianca ?«r I tear
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